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Low Shock Work Transport System for Pressure Vessels 
BACKGROUND OF THE INVENTION 

[0001] A soldered connection may be created by assembling the parts 
to be joined with a solder preform, heating the assembly to a 
temperature where the solder preform melts, and then allowing the 
assembly to cool. This process is generally termed reflow soldering. 

[0002] As in all soldering processes, it is important that the solder 
and the parts to be joined be free of oxidation that inhibits wetting 
of the parts by the molten solder and creates defects, such as voids 
and inclusions in the soldered joint. Typically a chemically active 
flux is used to remove and prevent oxidation of the molten solder. 
After soldering, the residual flux leaves a corrosive residue that 
should be removed to provide increased reliability of the assembly. 

[0003] It is desirable to be able to perform soldering operations 
without the need for flux because of the possibility of residual 
corrosive contamination. This is particularly desirable for electronic 
assemblies, especially microelectronic assemblies. In 
microelectronic assemblies soldered joints may be made on or in 
close proximity to delicate structures such as bonding wires. 
Semiconductor chips may be soldered directly to substrates. 
[0004] It is known that soldering in an oxygen-free atmosphere can 
eliminate the need for flux. One method for providing an oxygen- 
free atmosphere is to provide an inert or reducing gas around the 
parts to be joined. Another method is to perform the soldering 
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operation under a high vacuum. The reflow soldering process is 
particularly suitable for use in a vacuum because it is not necessary 
to physically manipulate the parts during the soldering operation. 
[0005] To carry out reflow soldering under a vacuum, the parts may 
be placed in a pressure vessel that includes a heating element to 
form a furnace. The pressure vessel furnace is then evacuated and 
the parts heated to form the soldered connection. United States 
Patent No. 3, 982,887 to Kendziora et al. shows a pressure vessel 
furnace for flux-free soldering. The Kendziora furnace uses a series 
of belt and roller conveyors to move the workpieces into and 
through the furnace. This provides a satisfactory device for 
workpieces of substantial size, particularly where some mechanical 
arrangement holds the parts in position prior to the formation of 
the soldered connection, so that the vibration and jostling inherent 
in the conveyor mechanism does not displace the parts prior to 
soldering. In particular, there is a discontinuity in the conveyor 
system to permit gates to seal the furnace for evacuation. This 
discontinuity is likely to create a particulary large mechanical shock 
to the parts as they enter the furnace. This makes the Kendziora 
furnace unsuitable for processing microelectronic assemblies where 
a slight vibration or shock can displace the unconnected parts 
sufficiently to produce a defective assembly. 
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SUMMARY OF THE INVENTION 
[0006] A low shock work transport system for moving workpieces into 
a pressure vessel without significant vibrations or mechanical 
shocks. The pressure vessel has two opposing ends with a sealable 
port in each of the opposing ends. A vessel rail is contained entirely 
within the pressure vessel with the two ends of the rail adjacent the 
ends of the pressure vessel. A movable rail is adjacent each end of 
the pressure vessel. Each movable rail is movable between a first 
position in which one end of the movable rail is within the pressure 
vessel and contiguous with the adjacent end of the vessel rail, and a 
second position in which the one end of the movable rail is outside 
the pressure vessel such that the sealable ports can be sealed. The 
workpieces are moved by sliding them over the upper surfaces of 
the rails. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] FIG. 1 is a pictorial view of an embodiment of a work transport 
system according to the present invention in a cut-away pressure 
vessel. 

[0008] FIG. 2 is a pictorial view of the embodiment of a work 
transport system of FIG. 1 without the pressure vessel. 

[0009] FIG. 3 is a pictorial view of the embodiment of a work 
transport system of FIG. 2 in a second operative position. 

[0010] FIG. 4 is a pictorial view of another embodiment of a work 
transport system according to the present invention. 
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[0011] FIG. 5 is a pictorial view of the embodiment of a work 
transport system of FIG. 4 in a second operative position. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0012] The present invention provides a low shock work transport 
system that transports workpieces, such as unconnected assemblies 
of parts and solder preforms, into a pressure vessel, such as a 
pressure-tight reflow furnace, without significant vibrations or 
mechanical shocks. 
[0013] Figure 1 shows an embodiment of the present invention with a 
pressure vessel furnace. The pressure vessel includes a cylindrical 
wall 1 00 closed at the ends by two plates 1 04. The front half of the 
wall 1 00 and the left plate 1 04 have been cut away to allow the 
structure of the present invention inside the pressure vessel to be 
seen. An electrical heating element 10 is provided inside the 
pressure vessel to form a pressure-tight furnace. The heating 
element may be in the form of an electrically resistive plate such as 
a sheet of graphite. Two electrodes 70 pass through the wall of the 
vessel with an electrically isolated pressure-tight seal at the wall to 
provide electrical current to the heating element 1 0. A gate valve 
1 06 is provided in each of the plates 1 04 to provide a port for 
moving workpieces into and out of the pressure vessel. The present 
invention is not restricted to use with any particular type or 
configuration of pressure vessel. It will be appreciated that the 
pressure vessel shown as part of the pressure-tight furnace is but 
one example of pressure vessels that could be used with the present 
invention. While the invention is described as applied to a 
pressure-tight furnace, it will be appreciated that the invention is 
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applicable to other applications that require a work transport system 
for moving workpieces through a pressure vessel without significant 
vibration or shock. 

[0014] As may be seen in Figures 1 and 2, the present invention 
provides a pair of rails that pass through the pressure vessel and 
extend from both ends. Each of the two rails may include a number 
of sections. In the embodiment shown, each rail includes a vessel 
rail 120, movable rails 128, and loading rails 126. The rails provide 
a substantially smooth and straight upper surface for loading 
workpieces into the pressure vessel. The workpieces are moved by 
sliding them over the upper surfaces of the rails. The workpiece 
may be a "boat" which is a tool used to carry one or more 
assemblies for reflow soldering. 

[0015] Boats are loaded into the pressure vessel by placing a boat on 
the loading rails 126 at one end of the pressure vessel. The boat is 
then pushed over the movable rails 1 28 onto the vessel rails 1 20. 
Successive boats are loaded into the pressure vessel thereby 
pushing previously loaded boats further into the pressure vessel. 
The pusher mechanism is only required to push the rear edge of the 
boat into the pressure vessel a short distance because the 
successive loading of additional boats is used to push the previously 
loaded boats for the majority of the length of the pressure vessel. 

[0016] The boats can be loaded with little vibration and mechanical 
shock because the rails provide a substantially flat upper surface to 
support the boats as they are moved. The forward bottom edges of 
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the boats may be chamfered so that they can pass over small 
irregularities in the upper surface of the rails with minimal 
mechanical disturbance to the assemblies being carried. The use of 
boats may allow parts and solder preforms to be assembled at a 
workstation and transferred to the pressure vessel in batches for 
reflow soldering. The boats may be made from plates of graphite. 
An exemplary graphite boat has a body that is approximately 8 by 
1 0 by 1 /4 inches. An exemplary pressure vessel may have a length 
of about 57 inches and may accommodate six of the exemplary 
boats for processing. 
[0017] When the pressure vessel has been fully loaded, the movable 
rails 1 28 may be retracted to allow the gate valves 1 06 to be closed 
in preparation for evacuation, pressurization, or replacement of the 
atmosphere within the pressure vessel. In the embodiment shown 
in Figure 3, each of the movable rails 1 28 is joined by a hinge 1 32 
to the adjacent loading rail 1 26. This allows each movable rail 1 28 
to be folded at approximately a right angle to the adjacent loading 
rail 1 26 toward a point midway between the two hinges 1 32 joining 
the movable rails to the loading rails at each end. An actuator 1 30 
may be used to move the movable rails between extended and 
retracted positions. In this embodiment, each movable rail 128 has 
a length that is slightly less than one-half the distance between the 
rails. The length of each movable rail is such that, when in the 
retracted position, the gate valves 106 (Fig. 1) may be closed. An 
alignment block 1 34 may be provided to align the free end of the 


AttyRef: 5866P001 

movable rail 1 28 with the adjacent end of the vessel rail 1 20. The 
alignment block may also provide support for the free end of the 
movable rail 1 28. Thus the alignment block 1 34 may help to 
provide an upper rail surface that is substantially flat and straight 
when the movable rail 128 is in the extended position. The 
alignment block 1 34 may be supported by the vessel structure (not 
shown). 

[0018] If the furnace is operated at high vacuum, the absence of any 
significant number of gas particles in the furnace makes it 
impractical to heat the assemblies by radiation or convection from 
the heating element 1 0. It may be advantageous to place the boats 
in direct contact with the heating element 1 0 to heat the assemblies 
by conduction. The vessel rails 1 20 may be supported by a lift 
mechanism so the vessel rails can be moved from a loading position 
to a heating position. In the loading position the upper surfaces of 
the vessel rails 1 20, which support the boats, are coplanar with the 
upper surfaces of the movable rails 128 and the loading rails 126. 
In the heating position, the vessel rails 120 are lowered so that the 
upper surfaces of the vessel rails are below the upper surface of the 
heating element 10 as may be seen in Figure 3. The alignment 
block may provide a stop for an adjacent end of the vessel rail 1 20 
as it moves from the heating position to the loading position. This 
helps establish an upper rail surface that is substantially flat and 
straight when the vessel rails 1 20 are in the loading position. 
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[0019] The two vessel rails 1 20 may be joined by brackets 1 22 that 
pass under the heating element 10. The brackets 122 may be 
formed and connected to the vessel rails 1 20 such that the vessel 
rails can be raised to the loading position without interfering with 
the heating element 10. Lift actuators may be connected to the 
support brackets 1 22 to move the vessel rails 1 20 and support 
brackets 122 between the loading position and the heating position. 
It will be appreciated that it is desirable that there be no lubricated 
parts inside the furnace and that all seals be capable of 
withstanding very high temperatures. In the embodiment shown, 
the lift actuator 1 24 provides the only moving mechanism that 
remains inside the furnace when it is sealed. The lift actuator 124 
may be a magnetically coupled mechanism wherein the actuator 
includes only an unlubricated portion of the mechanism on the 
inside of the furnace. The remainder of the lift actuator mechanism 
may be on the outside of the furnace. The coupling of the inside 
and outside portions of the lift actuator 124 may be magnetic so 
that no sealing of moving parts is required. 

[0020] In an alternate embodiment of the invention shown in Figures 
4 and 5, a single set of movable rails 228 provides the functions of 
the loading rails 1 26 and the movable rails 1 28 of the embodiment 
shown in Figures 2 and 3. In the alternate embodiment, the 
movable rails move in the direction of the length of the rails. Figure 
4 shows the movable rails 228 in the extended position. The ends 
of the movable rails 228 and the vessel rails 220 that are adjacent in 
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the loading position may include a structure such as a pin and slot 
to help provide an upper rail surface that is substantially flat and 
straight when the movable rail 1 28 is in the loading position. Figure 
5 shows the movable rails 228 in the retracted position. The 
movable rails 228 may be moved outwardly away from the vessel 
rails 220 and the pressure vessel in the direction of the length of 
the movable rails by a distance sufficient to allow the pressure 
vessel to be sealed. It will be appreciated that other structures and 
mechanisms may be used to provide movable rails that can be 
moved between an extended position where workpieces can be 
loaded by sliding on the rails and a retracted position where the 
ports on the ends of the pressure vessel can be sealed. 
[0021] While certain exemplary embodiments have been described 
and shown in the accompanying drawings, it is to be understood 
that such embodiments are merely illustrative of and not restrictive 
on the broad invention, and that this invention not be limited to the 
specific constructions and arrangements shown and described, 
since various other modifications may occur to those ordinarily 
skilled in the art. 
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